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Summary
Objective: Erosive osteoarthritis (OA) (EOA) is considered an aggressive form of primary OA that is deﬁned radiographically by intra-articular
erosions of the inter-phalangeal joints of the hand and characteristic deformities. The aim of the present study was the sonographic investi-
gation of hand small joints in patients with EOA and comparison of the imaging ﬁndings with conventional radiography (CR).
Method: Twenty-two patients (20 women, mean age 62.5 years) with clinical and radiographic diagnosis of EOA formed our study group. A
total of 660 joints were assessed by both radiographs and ultrasound (US). US and plain ﬁlms were evaluated by two different physicians on
a blinded fashion. Erosions, osteophytes and deformities were evaluated by both US and plain ﬁlms. Synovial thickening, effusion, and power
Doppler signal indicative of abnormal vascularity were recorded in each joint during US scanning.
Results: Erosions were detected in 231/660 (35%) small joints by US and in 115/660 (17.4%) small joints by conventional radiographs
(P< 0.05). Osteophytes were detected in 360/660 (54.5%) small joints by US, and in 310/660 (47.0%) small joints by conventional radio-
graphs (P< 0.05). Thickened synovium was detected in 19 of 22 patients and increased intra-articular power Doppler signal, indicative of ac-
tive inﬂammation, was detected in 18 of 22 patients. Thickened synovium was found in 159/660 (24.1%), effusion in 119/660 (18%) and
increased power Doppler in 148/660 (22.4%) small joints. Intra-observer kappa value for agreement regarding US was 0.81 and plain ﬁlms
0.86. In 31 instances extensive ﬁnger tenosynovitis was also evident.
Conclusion: In patients with EOA, US is a reliable and a more sensitive imaging modality than CR in detecting erosions and osteophytes. US
detects inﬂammatory changes in small hand joints in the vast majority of patients with EOA and suggests that current treatment modalities are
inadequate treatment for this disease.
ª 2009 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.
Key words: Erosive osteoarthritis, Erosions, Synovitis, Tenosynovitis, Radiography, Ultrasound.Introduction
Erosive osteoarthritis (OA) (EOA) is generally considered to
be a relatively uncommon clinical subset of primary OA with
a prevalence ranging between 5 and 15% of patients with
symptomatic OA of the hand1,2. EOA is characterized by
small increase of laboratory inﬂammatory indices (erythro-
cyte sedimentation rate and C-reactive protein) and by
radiographic erosions and, occasionally, by osseous anky-
losis1. The clinical course of EOA can be aggressive and in-
volves mostly the hands of middle-aged women, with
a typically bilateral and symmetrical distribution in the
inter-phalangeal (IP)1 and far less frequently the base of
the ﬁrst metacarpal or the feet joints2.
Radiography is used to detect bony changes in EOA.
Characteristic erosions are seen in distal IP (DIP) and prox-
imal IP (PIP) joints, which begin at the central portion of the
joint and give characteristic patterns of the affected joints,*Address correspondence and reprint requests to: Lazaros I.
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1283known as ‘‘gull-wing’’ and ‘‘saw-tooth’’ deformities1,2. Ex-
cessive osseous proliferation can also be seen, leading to
severe deformities and sometimes to IP ankylosis.
Musculoskeletal ultrasound (US)3e9 and magnetic reso-
nance imaging (MRI) have an established role for the diag-
nosis of rheumatic diseases10e13 and OA14. EOA in
particular, has not been extensively investigated by means
of modern imaging modalities7,10,14. The aim of the present
study in patients with EOA was (1) to compare sonographic
and radiographic imaging for the detection of erosions and
osteophytes in hand joints of EOA patients (2) to evaluate
additional sonographic ﬁndings by the use of grey scale
and power Doppler imaging, such as effusion, thickening
of the synovium and increased vascularity in small hand
joints.Materials and methodsPATIENTSTwenty-two consecutive patients (20 females, mean age¼ 62.5 yearsþ)
with EOA attending the outpatient Rheumatology Clinic of the University
Hospital of Larissa were included in the study. All patients fulﬁlled the clinical
criteria of hand OA of American College of Rheumatology and had radio-
graphic ﬁndings of articular surface erosions15. The Ethical Committee of
Table I
Demographic characteristics of the study group with EOA
Demographic characteristics EOA patients
Age (years, mean, range) 62.5, 51e71
Women (n) 20
Men (n) 2
Disease duration (months, mean) 50.6
Medication NSAIDs on demand
NSAIDs, Non-steroidal anti-inﬂammatory drugs.
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sinki Declaration and written consent was obtained from all participants.JOINT IMAGINGPlain radiography
Both hands were examined with conventional radiography (CR), in a poste-
rioreanterior projection. All CR were obtained within a fortnight from both US
and clinical assessment. US followed the clinical assessment, on the same
day. All metacarpophalangeal (MCP) and IP (PIPs and DIPs) joints were as-
sessed. Carpometacarpal joints (CMCs) were also evaluated. A total of 30
joints (per subject) by 22 times¼ 660 joints were investigated by radiography.
For classiﬁcation purposes of radiographic changes in the hands, we preferred
to use an arbitrary classiﬁcation system in order to include erosions per joint
that were shown in plain ﬁlms. Erosions, osteophytes, joint deformities, and
their distribution patternwere recorded. The radiographic assessmentwas car-
ried out by a single physician (AK), a rheumatologist with 6 years of practice in
the department. Thephysicianwhoperformed the radiographic evaluationwas
blinded to sonographic and clinical ﬁndings, but was aware of the EOAdiagno-
sis. Intra-observer agreement has been calculated.High-resolution ultrasonography
Sonographic investigation of the hand joints was performed in all patients
by a trained radiologist with a 4-year experience in musculoskeletal US (MV).
The radiologist who performed the sonographic investigations was blinded to
radiographic and clinical ﬁndings, but was aware of the EOA diagnosis. A
Siemens US unit (Sequoia 512, Germany) equipped with an 8e13 MHz
broadband linear transducer and the setting for grey scale US 13 MHz
was used. MCP, PIP and DIP joints of both hands including CMCs were
scanned using a multiplanar technique. Sagittal scans were performed in
both volar and dorsal aspect of hand joints, complemented by axial views.
Power Doppler US (PDUS) was applied in all joints, in order to detect the
presence of inﬂamed synovium13. An evaluation sheet form has been
used for documenting the ultrasonographic ﬁndings per joint per hand, in-
cluding central joint erosions, osteophytes, joint effusion, synovitis and
power Doppler ﬁndings. In addition to that, ﬁndings such as tenosynovitis
of ﬂexor or extensor tendons adjacent to affected joints were also recorded.
The following US deﬁnitions were employed: bone erosion, according to Out-
come Measurement in Rheumatoid Arthritis (RA) and Connective Tissue
(OMERACT)16 group deﬁnition, is an intra-articular discontinuity of theFig. 1. (A) The plain ﬁlm of the right hand of a patient with known EOA sh
MCP joint. (B) Longitudinal US scan demonstrates an erosion (arrow) at th
shows a small central erosion (arrow) and excessive ossbone surface that is visible in two perpendicular planes; bone proliferation
is osseous proliferation of the cortex in the area adjacent to the joint; syno-
vitis, is considered an anechoic or hypoechoic intra-capsular area, different
from cartilage with or without power Doppler signal; effusion is a completely
anechoic ﬂuid collection that is fully compressible, and with no Doppler sig-
nal; tenosynovitis is a hypoechoic rim around tendon with or without power
Doppler signal11. The synovial membrane was considered normal when
measured below 1.2 mm, at the site of the maximal thickness. Tenosynovitis
refers to inﬂammatory change within the tendon sheath manifesting as ﬂuid,
with or without tendon morphological changes.
Demographic characteristics are presented in Table I.STATISTICAL ANALYSISUS ﬁndings were recorded in a dichotomous manner (present/absent) on
the US image, together with annotation of the joint being measured and also
in the previously described form. Similarly, all radiological ﬁndings were re-
corded for each joint separately in a present/absent manner. Intra-observer
agreement was calculated based on kappa values for the interpretation of
US images and plain ﬁlms. All US scans were performed in the morning
and were repeated in the afternoon of the same day. Percentages of imaging
ﬁndings that were recorded with both imaging modalities were compared us-
ing a Chi-square test. Results were considered statistically signiﬁcant when
P< 0.05. All statistical analyses were performed by the use of R project for
statistical computing, version 2.8.117. Percentages regarding imaging ﬁnd-
ings that were detected only in US were also recorded.
The intra-observer kappa value for agreement for the sonographic detec-
tion of erosions and other ﬁndings was 0.81. The intra-observer kappa value
for agreement for the evaluation of plain ﬁlms was 0.86.Results
Erosions were detected in 231/660 (35%) small joints by
US imaging, and in 115/660 (17.4%) small joints with con-
ventional radiographs [P< 0.05] [Fig. 1(A,B)]. Erosions
were present in 124 joints on the right hand and in 107 joints
on the left hand, according to US imaging, and in 59 and 55
joints, respectively, according to X-rays. Osteophytes were
detected in 360/660 (54.5%) small joints by US imaging and
in 310/660 (47%) small joints with conventional radiographs
[P< 0.05] [Fig. 1(A,C)]. Osteophytes were present in 183
joints on the right hand and 177 affected joints on the left
hand, according to US scans, and in 161 and 149 joints, re-
spectively, according to X-rays. The distribution of osteo-
phytes and erosions regarding the joint involved are
presented in Table II. The difference between radiography
and US was most apparent on PIP and DIP joints, where
US detected more erosions. In addition, US detected a small
number of erosions on MCP and CMC joints. Erosions were
found not only in central part of the small joints but also in
the peripheral articular sections, and this ﬁnding was evi-
dent in cases with advanced sonographic ﬁndings.ows mild joint narrowing of the second PIP joint and an intact fourth
e fourth MCP joint. (C) Longitudinal US scan of the second PIP joint
eous proliferation (asterisk) forming an osteophyte.
Table II
Comparison of numbers and percentages of erosions detected by conventional radiographs and US in patients with EOA. P values were con-
sidered to be significant when <0.05 and are presented in bold
Erosions X-rays Erosions US P-value Osteophytes X-rays Osteophytes US P-value
Right hand
MCP (110)* 3 (2.3%) 17 (15.5%) 0.002 20 (18.2%) 15 (13.6%) 0.461
PIP (88) 12 (13.6%) 45 (51.1%) <0.05 49 (55.7%) 71 (80.7%) <0.05
DIP (88) 40 (45.5%) 50 (56.9%) 0.174 68 (72.3%) 75 (85.2%) 0.246
IP (22) 3 (13.6%) 5 (22.8%) 0.726 18 (81.9%) 14 (63.6%) 0.309
CMC (22) 1 (4.5%) 7 (31.9%) 0.070 6 (27.3%) 8 (36.4%) 0.746
Left hand
MCP (110) 1 (0.9%) 14 (12.8%) 0.001 15 (13.6%) 13 (11.9%) 0.839
PIP (88) 14 (15.9%) 36 (40.9%) <0.05 39 (44.3%) 63 (71.6%) <0.05
DIP (88) 37 (42%) 44 (50%) 0.364 66 (75%) 77 (87.5%) 0.053
IP (22) 2 (9%) 4 (18.2%) 0.687 20 (90.9%) 14 (63.6%) 0.072
CMC (22) 2 (9%) 9 (40.9%) 0.036 9 (40.9%) 10 (45.5%) 1
*Total number of joints.
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vial thickening and increased intra-articular power Doppler
signal, in small joints. The latter is indicative of active inﬂam-
mation. Thickened synovium was detected in 19 of 22 pa-
tients with EOA and increased intra-articular power
Doppler signal was detected in 18 of 22 patients. Overall,
thickened synovium was found in 159/660 (24.1%) small
joints, effusion was evident in 119/660 (18%) small joints
and increased power Doppler signal was found in 148/600
(22.4%) small joints [Fig. 2(A,B)]. The distribution of ﬁndings
is presented in Table III. It is of note that imaging of multiple
erosions in central and peripheral location in a single small
joint was often combined with increased intra-articular
power Doppler signal.
There were 31 instances of extensive ﬁnger tendinosis, ei-
ther of ﬂexor digitorum profundus or extensor digitorum ten-
dons during sonographic evaluation of hand IP joints.
Seventeen instances of tenosynovitis were noted on the right
hand and 14 were noted on the left hand. A few patients were
found to have also characteristic Heberden’s nodes.
Discussion
In our study, US was found to be a more sensitive imag-
ing modality in detecting erosions and osteophytes com-
pared to plain radiographs; US also detected additional
small joint changes, such as synovial thickening, effusion,
and increased vascularity in patients with EOA.Fig. 2. (A) Longitudinal US image and (B) transverse US image of the ex
scattered vessels visible in thEOA is a progressive disorder affecting the IP joints of the
hands. According to Greenspan18, severe synovitis is
superimposed on the typical lesions seen in classical IP
OA. Erosions and osteophytes evolve, sometimes rapidly,
and CR has been considered the imaging modality of refer-
ence in order to detect changes typical of EOA.
Unlike RA, the role of US in EOA has not been ade-
quately investigated. This study demonstrates that ultraso-
nographic imaging is able to detect more central erosions,
which are considered to be pathognomonic for EOA, com-
pared to conventional radiographs. It also suggests that
early or subtle changes that could not be detected radio-
graphically may be visible on US scan. These ﬁndings are
consistent with previous reports that US was more sensitive
than radiography in detecting changes in other diseases,
such as RA, systemic lupus erythematosus, gout, and pso-
riatic arthritis (PSA)5,12,19e21. Our study is also in agree-
ment with a study from Iagnocco et al.7, who reported that
US was successful in detecting central erosions in patients
with EOA. Therefore, US appears to be capable in differen-
tiating EOA from classical OA. However, our study showed
that the pattern of central erosions, although characteristic,
was effaced in cases of advanced disease with excessive
joint deformity and marked osteophytosis. In small joints
with gross osteophytes, deformities and subluxation, US im-
aging was particularly cumbersome due to acoustic artifacts
and small acoustic window and thus less reliable. There
were cases that the plain ﬁlm showed a cystic subchondraltensor aspect of a DIP joint show mild hypervascularity with a few
e thickened synovium.
Table III
Numbers and percentages of thickened synovium, effusion,
increased power Doppler signal that were detected in small
peripheral joints
Synovial
thickening
Effusion Power Doppler
signal
Right hand
MCP (110)* 20 (18.2%) 19 (17.3%) 12 (10.9%)
PIP (88) 18 (20.6%) 13 (14.8%) 13 (14.8%)
DIP (88) 35 (39.8%) 23 (26.1%) 44 (50%)
IP (22) 6 (27.3%) 2 (9.1%) 2 (9.1%)
CMC (22) 5 (22.8%) 3 (13.6%) 4 (18.2%)
Left hand
MCP (110)* 15 (13.6%) 19 (17.3%) 8 (7.3%)
PIP (88) 16 (18.2%) 14 (15.9%) 19 (21.6%)
DIP (88) 32 (36.4%) 21 (23.9%) 39 (44.3%)
IP (22) 5 (22.8%) 2 (9.1%) 1 (4.6%)
CMC (22) 7 (31.2%) 3 (13.6%) 6 (27.3%)
*Total number of joints.
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clearly demonstrated that there was destruction of the cor-
tex. Transverse US scan enables the differentiation of the
above changes, especially in small joints22,23.
The explanation for earlier sonographic detection of ero-
sions is twofold: ﬁrst, US is capable of scanning not only
longitudinally and transversely, but in all planes allowing
a real time multiplanar imaging of each joint. Second, very
small erosions can be better appreciated by US rather by
radiographs. Since EOA affects primarily DIP joints, small
changes can easily be overlooked radiographically, or can
be missed due to two-dimensional projection.
The ﬁnding of synovial membrane thickening and in-
crease vascularity indicative of active synovitis in the vast
majority of patients with EOA was interesting23. The corre-
lation between therapy and imaging ﬁndings was beyond
the purpose of the present study; however, the demonstra-
tion of excessive power Doppler signal distributed mostly in
DIPs, was consistent with the term ‘‘inﬂammatory form of
OA’’ that has been attributed to EOA. The percentages of
DIPs and PIPs with active synovitis on the right and left
hands were 50 and 44.3% and 14.8 and 21.6%, respec-
tively. The high percentage of EOA patients with active sy-
novitis suggests that current treatments for EOA are
inadequate and should prompt physicians to seek new
treatment modalities for the disease.
Grainger et al.10 have recently reported the increased
sensitivity of MRI compared to radiography in detecting ero-
sions in patients with EOA. In their study, they reported two
types of erosions, central and marginal; central erosions
were seen at sites of cartilage loss and had more sharply
angulated margins without associated synovitis; marginal
erosions were those seen at, or beyond, the edge of the ar-
ticular surface and were associated with synovitis. Our ﬁnd-
ings are in agreement with that study, since we found not
only central but also marginal erosions in peripheral IP
joints in advanced disease. However, the degree of power
Doppler activity was not analogous to the extent of joint de-
struction. There were small joints severely deranged and
completely ‘‘silent’’, namely with lack of vascularization dur-
ing power Doppler scanning, whereas there were joints with
prominent erosions and severely synovial thickening, effu-
sion and increased power Doppler signal.
There were some patients (9/22, 40.9%) with tendon in-
volvement, both in ﬂexor and extensor ﬁnger tendons. We
have recorded 31 instances of tenosynovitis. The aboveﬁndingwas prominent in some caseswith affected peripheral
joints and active synovitis. We recorded only tenosynovitis
that was in continuity with PIP and DIP joints and we did not
included tendons of the wrist joint. The co-existence of active
tenosynovitis with other small joint changes should be in-
cluded in the context of EOA, since tendons participate in
a generalized inﬂammatory response. Two recent articles
by Tan et al.24 investigated the role of ligaments and tendons
in patients with early hand OA and suggested that small joint
collateral ligaments and tendons participate in the early
stages of hand OA. Tendon involvement has also been re-
ported in untreated early RA11 and in PSA25.
A drawback in our study was the lack of a hockey-stick
transducer in our US unit4. Thus, the examination time
was somehow prolonged and was technically more difﬁcult,
particularly in scanning small DIP joints with advanced dis-
ease. Another limitation was the lack of a reference
method, such as MRI, in detecting synovial response,
bone oedema and effusion. The present study was mainly
designed to focus on detecting erosions and osteophytes
and to compare US with CR; however, we are not able
to comment on the percentage of false positive and false
negative US ﬁndings regarding vascularity and synovial
thickening. In EOA, erosions, osteophytes, synovitis and
tenosynovitis need to be further investigated in US and
MRI comparison studies.
In conclusion, both imaging modalities, radiography and
US, may have a complementary role in the detection and
evaluation of EOA changes. US imaging appears to have
a role in the detection of early EOA changes and provides
additional information regarding erosions, osteophyte for-
mation and synovitis compared to radiography26 and there-
fore supports the concept of EOA as an inﬂammatory
arthritis. The detection of synovial inﬂammation and teno-
synovitis in the vast majority of patients with EOA suggests
that new treatment modalities are urgently needed for this
relatively unknown disease.Conﬂict of interest
None declared.References
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